Two field experiments were carried out at a Private Farm in Qeft District, Qena Governorate, Egypt, during the two consecutive seasons of 2016/2017 and 2017/2018. To study the effect of humic acid rates (0.0, 1.0, 2.0 and 3.0 l/fad.), sprays number (one, two, three and four times at 25, 25 and 40 , 25, 40 and 55 as well as 25, 40, 55 and 70 days after planting, respectively and their combinations on vegetative growth, flower yield components and volatile oil production of chamomile plant. The obtained results referred to that the maximum values of plant height, branch number/plant, herb dry weight/plant as well as air-dry weight of flower heads/ plant and/fad., were detected when chamomile plants were applied with the highest rate of humic acid and sprayed three times during the season, in most cases. In the same time, the treatment of humic acid rate at 3 l/faddan combined with three application times was superior treatment in volatile oil percentage in flower heads and volatile oil yield (ml/ plant and l/faddan) of chamomile compared to the other ones under study during both seasons. Generally, this combination treatment seems promising in the development of sustainable crop growth and yield advantages under Qena Governorate conditions.
INTRODUCTION
Chamomile (Matricaria chamomilla, L.) is an annual plant belongs to Family Asteraceae. Chamomile is the most important medicinal plants worldwide. This plant has been used for thousands of years in traditional Roman, Greek and Egyptian medicine to treat different diseases such as anxiety, chest colds, psoriasis and insomnia (Andrzejewska and Woropaj-Janczak, 2014). Later, one third of human demands for drugs are acquired from medicinal and aromatic plants (Agatonovic- Kustrin et al., 2015) . In addition, increasing demand of pharmaceutical factories for primary materials, more importantly, conservation of natural genetic resources and lay emphasis on the production as well as research on enhancing and processing of medicinal and aromatic plants.
Humic acid is part of the humus compounds which plays an important role in balance plant nutrition by improving physical, chemical and biological properties of soil. Mikkelsen (2005) reported that humic acid has a high molecular weight and high complexation ability. Sangeetha et al. (2006) indicated that humic material have two direct and indirect effects on physiological and biochemical processes in plant and on physical, chemical, and biological properties of soil.
Timing of fertilizer application highly influenced the yield and yield components of many crops (Loecke et al., 2004) . This is in interaction with other management factors such as, irrigation, application of pesticides and harvesting times (Bush and Austin, 2001 showed higher values in both years at two times (38 and 85 days after transplanting) applications. Total essential oil yield of hyssop was not different in response to different application times in 2008 and 2009. The highest and lowest oil production obtained at two times application (13.38 g.m -2 ) and at one time application (11.79 g.m -2 ) in 2009.
So, the present investigation carried out to examine the effects of humic acid treatments (rates and sprays number) on growth characteristics, flower heads yield components and oil production of Matricaria chamomilla, L. plants under reclaimed sandy soil conditions.
MATERIALS AND METHODS
Two field experiments were conducted at a Private Farm in Qeft District, Qena Governorate, Egypt during the two consecutive seasons of 2016/2017 and 2017/2018. To study the effect of humic acid rates, sprays number and their combination treatments on vegetative growth, flower yield components and volatile oil production of chamomile (Matricaria chamomilla) plant.
Seeds of chamomile were obtained from Research Centre of Medicinal and Aromatic Plants, Dokky, Giza, Egypt. The seeds were sown in the nursery on 9 th November, in the two seasons. The physical and chemical properties of the used soil were shown in Table A , according to Chapman and Pratt (1978) .
Chamomile transplants (42 days old and about 10 cm lengths) were transplanted on 21 th December in both seasons. Seedlings were transplanted on one side of each ridge in 60 cm width and 20 cm apart. Each plot consists of six ridges; each one is 2 m long. The area of the experimental unit was 7.20 m 2 .
The current investigation was achieved to study the following points:
Studying the Effects of Humic Acid Rates on Chamomile Plants
Control (tap water), 1, 2 and 3 l/fad.
Studying the Effects of Sprays Number on Chamomile Plants
One spray at 25 days after planting, tow sprays at 25 and 40 days after planting, three sprays at 25, 40 and 55 days after planting and four sprays at 25, 40, 55 and 70 days after planting (Schedule 1).
Studying the Combined Effects Between Humic Acid Rates and Sprays Number Treatments on Chamomile Plant
Each treatment of humic acid rate was combined with one of spray number to from 16 treatments.
The statistical layout of this experiment was split-plot experiment between humic acid (four rates) and sprays number (four treatments) in randomized complete blocks design with three replicates. Every plot was 3.60 × 2.00 m. Three plants from each replication were randomly selected for determining growth characters, flower heads yield and volatile oil production.
Vegetarian humic acid fertilizer (Grow Tech. for Agricultural Development Company) contains 86% humic acid. Humic acid rates were applied as foliar spray during the vegetative period starting 25 days intervals from transplanting time every 15 days.
All agricultural practices (fertilization, irrigation, etc.) were performed as usual, in the region for the production of chamomile plants.
Data Recorded
A random sample of three plants from each sub plot was taken; the 1 st and 2 nd cuts were done 70 and 110 days after planting and the following data were recorded:
Growth parameters
Plant height (cm), number of branches /plant and herb dry weight /plant (g) was determined in the two cuts during both seasons.
Flower heads yield components
Flower heads number/plant, flower heads airdry weight/plant (g) and flower heads air-dry weight/faddan (kg) were recorded after every cut during both seasons. 
Volatile oil production
At harvest time (at the end of every cut), about 10 g of each air dried sample (flower heads) was taken. Both samples were mixed and the sample was taken to represent each growing season, then it was separated triturated and steam-hydro distilled for 3 hours. The extraction of oils was carried out according to method of European Pharmacopoeia (1983) . Also, volatile oil yield per chamomile plant (ml) and per faddan (l) was calculated.
Statistical Analysis
Data of the present work were statically analyzed and the differences between the means of the treatments were considered significant when they were more than the least significant differences (LSD) at the 5% level by using computer program of Statistix Version 9 (Analytical Software, 2008).
RESULTS AND DISCUSSION

Growth Parameters
It is evident from the obtained results in Tables 1, 2 and 3 that plant height, number of branches/ plant and herb dry weight/plant of Matricaria chamomilla increased by increasing humic acid rate, in most cases. Moreover, the humic acid rates 3 l/faddan gave significant increases in this regard compared to control and other treatments at both cuts in the two seasons, in most cases.
Different application time numbers of humic acid showed impact (P> 0.05) on chamomile plant growth parameters in the two cuts during both seasons (Tables 1, 2 and 3). The highest values in plant height were detected at four times with no significant differences in the second season compared with the other treatments under study. Moreover, the number of branches and herb dry weight/chamomile plant was significantly increased in response to different application times in the two cuts during both seasons, also, the best treatment in this connection was that of adding humic acid three times /season compared to the other ones under study.
Increasing humic acid rates from 0 to 3 l/faddan induced highest combination with three addition number treatment on growth parameters (plant height, number of branches/ plant and herb dry weight/plant) of chamomile plant in the two cuts during the two tested seasons, in most cases (Tables 1, 2 and 3) . Generally, under each addition number of humic acid, increasing humic acid rates gradually increased abovementioned parameters.
These results might be due to the role of humic acid which is a product contains many elements which improve the soil fertility and increase the availability of nutrient elements by holding them on mineral surfaces and consequently affect plant growth leading to taller, more branches and leaves and heaviest plants (Akinci et al., 2009) . 
Flower Heads Yield Components
Results tabulated in Tables 4, 5 and 6 shows that increasing humic acid rates gradually increased number of flower heads/ plant as well as flower heads air-dry/plant (g) and/faddan (kg). Furthermore, all humic rates (1. 2 and 3 l/fad.) significantly increased flower heads yield component compared to control in the two cuts during both seasons. (HN) 83.56 111.67 137.25 117.58  138.41 176.54 202.80 173 .67 LSD at 5% HR = 5.46 HN= 5.50 HR× HN= 10.96 HR = 8.50 HN= 5.87 HR× HN= 13.21 significantly increased with two and three times application compared to control in the two cuts during both seasons (Tables 4, 5 and 6). In the other words, the best treatment in increase flower heads yield component was that the treatment of three times addition compared with the other ones under study.
Number of flower heads/chamomile plant as well as flower heads air-dry /plant and /faddan
In addition, under each addition number of humic acid flower heads yield component parameters was gradually increased with increasing humic acid rates. In the same time, the combination treatment between humic acid rate of 3 l/faddan and three times of humic acid addition as foliar spray was superior in this respect compared to the other ones under study in the two cuts during the first and second seasons (Tables 4, 5 and 6). Also, under each humic acid rates number of flower heads/plant as well as flower heads air-dry per plant and per faddan was gradually increased by increasing humic acid application number up to 2 times then it was decreased. pointed out that application of humic acid (HA) during the summer season targeted great results on tomato plant growth and productivity. Humic acid at 14.4 kg.ha -1 increased the flowering parameters (number of flower clusters and flowers per plant) as well as yield characters (fruit number per plant and fruit weight, which resulted in higher early and total yield) in both seasons. Also, humic acid foliar application could increase seed number/siliqua, biological yield and seed yield/hectare of canola cultivars (Barekati et al., 2019) .
Volatile Oil Production
Results of both seasons in Tables 7, 8 and 9 indicate that volatile oil percentage in flower heads as well as volatile oil yield per plant (ml) and per faddan (l) of Matricaria chamomilla gradually increased by increasing humic acid rate. Furthermore, the humic acid rates 3 l/faddan gave significant increases in this concern compared to control and other treatments at both cuts in the two seasons. Generally, all humic rates significantly increased chamomile volatile oil production compared to control in the two cuts during both seasons.
Likewise, volatile oil percentage and volatile oil yield per plant and per faddan significantly increased with two and three number of humic acid application compared to control in the two cuts during both seasons (Tables 7, 8 and 9). The highest values in chamomile volatile oil production were obtained by the treatment of three times addition compared with the other ones under study.
Similarly, the treatment of humic acid rate at 3 l/faddan combined with three times addition was superior in volatile oil percentage in flower heads and volatile oil yield (ml/plant and l/faddan) of chamomile compared to the other ones under study in the two cuts during both seasons (Tables 7, 8 and 9). However, under each addition number of humic acid volatile oil production was gradually increased with increasing humic acid rates. Also, under each humic acid rate above-mentioned parameters were gradually increased due to increasing humic acid application number up to 2 times then it was decreased.
These results also found by Juarez et al. (2011) who indicated that the essential oil percentage and yield were higher at the highest levels of humic acid compared to control. Moreover, the increases in essential oil yield/ plant by humic acid treatments can be owing to the increase of oil (%) of dried herb and the improvement of herb yield of Calendula officinalis plant (Mohammadipour et al.,  2012) . Also, Bayat and Belopukhov (2019) illustrated that the application of humic acid causes increasing of all the traits studied. The highest amount of essential oil content of sweet basil (1.1%) were observed at 6 l/ha humic acid.
Conclusion
Taking these results into account, it was generally concluded that growth, flower heads yield and its component and volatile oil production of Matricaria chamomilla plant are widely affected by applying humic acid rates and application times. In general, the increase in growth and productivity of plants as well as volatile oil yields is closely related to the amount of the applied 3 l/fad. in combined with three times of humic application, which led to the increase in air-dry flower heads yields that are considered as the main components of growth and development of most of aromatic plants.
